We use a social-ecological systems framework and interview data from key informants to analyze the threshold dynamics underpinning the resilience of the local beekeeping sector, amidst changes in land use (management) and land use changes (conversions) that result from the expansions of the soy and eucalypt frontiers in Uruguay. Our results indicate that while agriculture began displacing grasslands that originally provided high yields of honey, afforestation now compensates those losses through the flowerings of Eucalyptus grandis. By extending the flowering season from six to eight months, beekeepers' dependency on tree plantations has increased. However, forestry enterprises are now shifting to plant more productive species that do not flower similarly, anticipating a threshold crossover to which the beekeepers may be unable to adapt. In conclusion, resilience of this environmentally sensitive livelihood has been suppressed primarily by land use changes that have introduced new costs and challenges into honey production. However, threshold dynamics that appear as multifaceted challenges faced by beekeepers occur also elsewhere in the system. Certain outcomes of the threshold dynamics similar to feedback loops in social-ecological systems were identified, including considerations of out-migration and change in occupation, of which ultimate impacts remain unclear. Most beekeepers still cope with the remaining viability, but it appears that the current resilience level does not allow for further harmful impacts. This case example of coupled social and ecological interactions through a livelihood lens gives rise to future research in evolving new dimensions to govern social-ecological systems in Uruguay and beyond.
Expansion of the agricultural frontier in Uruguay has resulted from the modernization of agricultural practices and increases in the global demand of soybeans (Urcola et al., 2015; Volante et al., 2015) . This frontier is advanced by a large and fragmented group of domestic and foreign landowners (Arbeletche and Carballo, 2009) . Tree plantations in Uruguay began expanding after the approval of the Forestry Law 15.939 in 1987 that defined forestry land and provided initial subsidies to cover planting costs on soils of low productivity, and generous tax reliefs for upcoming sales gains. However, trends that frame the globalization of forestry, including the introduction of fast-growing eucalypt plantations that enable high productivity and profitability in the southern hemisphere, have largely contributed to this expansion (Cubbage et al., 2007; Korhonen et al., 2014; Toppinen et al., 2010) .
A parallel trend in this globalization process is the multinational forestry enterprises' increasing awareness of the roles of ecosystem benefits and community engagement that underpin their business success (Brody et al., 2006; D'Amato et al., 2015; Faggi et al., 2014) . Those few enterprises that plant and manage eucalypt plantations on their own properties or leased lands in Uruguay have introduced programs that pursue synergies between plantation forestry and other rural livelihoods, including beekeeping. This tier of the local governance system is grounded in the idea of creating shared value 1 , and has offered beekeepers access for placing their hives in these forests since 2010 (Montes del Plata, 2015; UPM Forestal Oriental, 2013 ).
Uruguay has traditionally exported ca. 90% of its honey (Uruguay XXI, 2014) , and the existence of the sector is thus determined by external demand for this sweet substance. However, to survive and produce harvestable yields of honey, honeybees (Apis mellifera) need a variety of flowering floral resources that can be foraged alternately from early spring to late autumn (Bradbear, 2009) . The practice of beekeeping, established in the grasslands in the western parts of the country several decades ago and chosen by many as a seemingly secure occupation after the regional economic recession in 2001 (Conforte et al., 2006) , is thus likely to have been influenced by the changing patterns of land use. This also concerns the provision of pollination as an important ecosystem service for both nature and people (Gallai et al., 2009; Hanley et al., 2014; Klein et al., 2007) .
Honeybees' tolerance to ecological changes has been actively studied due to rapid colony failures since 2007 (i.e. colony collapse disorder) (e.g. Barron, 2015; Potts et al., 2010) . Capacity building of small-scale beekeeping in different contexts has been addressed (e.g. Strano et al., 2015; Vieira and Maia, 2009 ). Social and ecological concerns around large-scale tree plantations have been examined in the context of Uruguay (Paruelo, 2012; Silveira and Alonso, 2009; Switzer, 2014; Wang and Fu, 2013; Vihervaara et al., 2013 Vihervaara et al., , 2012 , and reviewed across contexts (Bauhus et al., 2010; Brockerhoff et al., 2013; Charnley, 2005; Cossalter and Pye-Smith, 2003; Farley et al., 2005; Gerber, 2011; Ingram et al., 2016) . However, while similar issues are likely related to the social-ecological system encompassing beekeeping, impacts of land use and land use changes on the resilience of beekeeping in Uruguay remain unclear Most research on sensitive social-ecological systems from a livelihood perspective has in fact considered aquatic ecosystems (e.g. Hunt et al., 2013; Rathwell and Peterson, 2012) , and research on terrestrial ecosystems remains scarce and limited in focus and methods (cf. Lescourret et al., 2015) .
To fill this gap, we use the presented framework to analyze interactions within and between social and ecological systems that encompass beekeeping in Uruguay. Our aim is to answer two questions: (i.) how have the land use and recent land use changes in Uruguay influenced the resilience and adaptability of the beekeepers, and (ii.) what kinds of threshold dynamics (crossed or approaching) can be identified with implications to beekeeping and the Uruguayan society? We will also discuss the governance implications with a focus on the expansion of tree plantations within and beyond the borders of Uruguay.
Methods
A qualitative research method was selected to study the interactions in a complex social-ecological system. First, we reviewed papers published in scientific journals, grey literature, relevant statistics, and available brochures of the forestry enterprises. Second, we conducted thematic interviews in 2014 with representatives of four different informant groups that were expected to interconnect in the given system (Table 1) . Some field notes were included. * n = number of members interviewed / reported total number of members in the cooperative.
Interviews were semi-structured to allow us to flexibly interact with the participants, add spontaneous inquiries to specify causes, and facilitate the outlining of qualitative insights (Warren, 2002) . Question order slightly varied and occasional prompts were given to maintain the conversational style and natural flow of information. Questions were open-ended to allow the participants to interpret the question and provide self-generated responses.
Since the existence of the beekeeping sector in Uruguay was determined by the export demand for honey, the initial interviews were organized with three representatives of the highly concentrated honey processing industry in Europe (Group A) (CBI, 2015a) . Participants for telephone interviews were selected only if they had sourced honey from Latin America.
All other interviews were conducted in Uruguay (Table 2) , in-person, to promote the open expression and comfort of participants (Shuy, 2002) . Spokesmen of the Ministry of Agriculture, Livestock and Fisheries (MGAP, governmental organization) and the Honey Exporters Association (ADEXMI, non-governmental advocate pressing for better market conditions for Uruguayan honey) were interviewed to frame the role of local institutions (Group B). The selection of these two institutions was based on their alleged regulatory and market influences among the few local institutions that held ties to beekeeping in Uruguay. Despite our attempts, however, the spokesmen of the locally active environmental advocate (REDES) and industry conglomerate for the development of beekeeping (CHDA) could not be reached for a personal interview. Out of the ten agencies that buy honey from local beekeepers to aggregate exportable batches for sale, three members of different agencies were interviewed (Group C). In 2013, these three agencies traded 34% of the honey that left the country (Uruguay XXI, 2014) .
Finally, we interviewed a set of practitioners of beekeeping (Group D). Four participants were individual practitioners with several hundreds of hives, while most practitioners with less hives had organized into cooperative structures. Beekeepers and cooperatives were selected as informants only if they had participated in at least one enterprise-led program, and thus had proven access to place their hives in tree plantations. As long as a person in a managerial role was able to participate, three of the four interviews with the different cooperatives were organized in a group format, which happened partly by coincidence. Despite the prolongation of one group interview with up to nine participants, these interviews in general resulted in informative outcomes from a qualitative data perspective as the participants' responses complemented each other alongside the lively discussion. To contact the beekeepers and cooperatives, we received information from various sources. Previous participants, program brochures, managers of the plantations, public databases, and websites we were given access to were helpful. The first author approached each participant as a scientific researcher via e-mail or telephone, explained the study purpose, and inquired about the participants' willingness to schedule an interview. Most beekeepers reside in western parts of the country where both agriculture and afforestation encounter ( Figure 1 ; Table 2 ), which is why we controlled for one individual practitioner in the eastern department of Rocha. Topography in Rocha is more diverse and does not favor large-scale agriculture, but some of the hills in this department have been afforested.
A separate interview guide was designed for each of the four groups to operationalize the conceptual framework and examine the system dynamics through the concepts of resilience and thresholds (cf. Supplementary material).
Participants in Group A were asked questions concerning the nature of the honey trade and their reactions to the increasing uncertainty regarding their supplies. Questions for Group B focused on the roles of local institutions relative to each other, the potential motivations and challenges for interventions, and the future prospects of the sector. Groups C and D were asked questions regarding the environmental and socioeconomic processes of trading and producing honey in Uruguay, including spatial and temporal variations as important for analyses of socialecological systems.
The most detailed interview guide was designed for representatives from Group D, as these were considered as the focal part of the given system. The guides for Groups B, C and D aimed to capture the nature and severity of the stressors on the resilience of the beekeeping sector, and examine the threshold dynamics and triggers in the resource systems with expected links to beekeeping. For example, recent shocks, their causes, and the subsequent responses and recovery mechanisms were inquired from the participants of these three groups. Also, both slow and fast variables such as honey yields, price shifts, climate, and changes in tenure regimes were inquired from the participants, but no specific variable to track the explicit locations of any predetermined ecological or social threshold could be designated in advance, as is common to complex social-ecological interactions (cf. Christensen and Krogman, 2012).
Each participant was assured of the confidentiality and encouraged to respond according to the personal opinions and experiences. We continued interviewing people in each group, except in Group A, until a mutual situational awareness, i.e. saturation of data (Strauss and Corbin, 1990) , was achieved. Group A is an exception because the views between participants were more scattered. However, these interviews provided some detailed insights of the economic and political settings overarching the given system.
With permission from participants, all interviews in Uruguay were recorded in audiovisual format to provide a wider scope of observation, which proved helpful during the analysis. Data were first transcribed to run a content analysis.
Transcriptions were printed and highlighters of different colors were used to divide the themes that arose from the data into either ecological or social categories. The cleaned data were additionally categorized according to recurring characteristics and analyzed further to synthesize the main properties of the given social-ecological system. Final interpretations were drawn and verified in a triangulation process, which worked as a way to combine and integrate data from different sources (Creswell, 2003; Miles & Huberman, 1994) .
Despite an abundance of data and diversity of themes that arose from the interviews and triangulation, we perceive that our research strategy succeeded in addressing the research questions. Data validity is thus perceived as high.
However, we acknowledge that certain bias could underpin our data and methods. For example, fully generalizable results of qualitative data that are connected to a given point in time could not be produced, and the analysis is thus influenced by our own experiences and observations. Some individuals with opposing views could also have been excluded from our sampling. Group B is particularly susceptible to such issues as both participants' views could have been driven by underlying political agendas. In Group D, some individuals could have seized the opportunity to align their views in advance to use our research to leverage their own agendas. We did also receive minor technical assistance in terms of fieldwork and facilities from one of the affiliated enterprises, which could have led to similar outcomes. In these aforementioned cases, however, we could not find evidence of such influence.
Participants' claims concerning the economic state of their household or their observations of the environmental changes must also be interpreted with caution. Generally, it should be taken into account that qualitative research methods tend to exclude alternative explanations, and are susceptible to intentional or unintentional misrepresentation of information due to participants' underlying motivations that we may not be aware of. However, use of triangulation has likely reduced these potential biases, and similar to most qualitative studies, authentic quotes are used in the text to improve the transparency of findings (Creswell, 2003) .
Results

Shifts in the resource systems and the impacts of these on beekeeping
Transition from pastures to plantations
Agriculture and afforestation were reported by beekeepers as the main drivers of environmental change in Uruguay, but according to our finding these activities impact beekeeping in different ways. Area under agriculture has nearly doubled since 2009 (MGAP, 2015 . This rapid expansion is characterized by extensive soy plantations (Glycine max), which could produce a nearly transparent honey appreciated by the processors, but the issue was found to be more complex. Soy plantations were claimed to occupy vast areas previously dedicated as grasslands for grazing, which contributed to beekeeping by offering a diverse variety of floral resources throughout the season. Most soy plantations were reported to represent monocultures and originate from transgenic seeds that are commonly resistant to herbicides used to control weeds, resulting in the extensive use of these chemicals. The decline in available floral resources resulted in the bees being less active than before the expansion of the agricultural frontier. The vitamin and protein shortages systematically reported by beekeepers had to be artificially substituted, resulting in increased costs in honey production. However, the individual practitioner in Rocha that we controlled for had not experienced similar impacts to similar extent. A quote from a beekeeper in the department of Colonia, where agriculture was widespread, reflects this issue:
Years ago, when the panel of the hive was removed, there was pollen of all different colors. Now there is just one color. The bees evidently also have worse nutrition. -d4
Contrary to soy plantations, increase in the area under plantation forestry has been relatively steady in Uruguay since the nineties (MGAP, 2015) . Tree plantations represent large-scale monocultures similar to soy plantations, but of a different character. Mainly arid and previously nutrient-poor grasslands were dedicated as forestry land and converted into plantations of different eucalypt (Eucalyptus spp.) species. However, these plantations were mostly under a stewardship certification, obliging their managers to conserve buffer zones and limit the spread of chemicals.
The buffer zones with modest undergrowth on poor soils were found to benefit bees and beekeeping when compared to agricultural areas. While some practitioners appeared frightened of the use of chemicals in agriculture and its outcomes for bees, they were generally pleased with being able to place their hives within industrial tree plantations.
This feeling of safety 2 was found to be a valuable asset that is reflected in a quote from a cooperative member from However, the choice of eucalypt species being planted plays a role for the beekeepers. In 2014, E. grandis and E.
globulus were the most frequent species used in forestry in Uruguay, of which E. grandis begins flowering four years after being planted. E. globulus was reported to flower irregularly and only in the wintertime when bees do not forage actively. However, both species were reported to be replaced by other species, mainly by E. dunnii, which does not to floswer during its harvesting rotation of ca. 9 years. E. dunnii appears to be better suited for arid landscapes (cf. Thomas et al., 2009) , as is the case in the regions where forestry is being practiced. The majority of *** Trade agencies were found to aggregate exportable quantities of honey before contacting foreign buyers.
Weather and climate as triggers of increasing pathogens and changing patterns of ground flora
Beyond the aforementioned changes in the resource systems, regionally changing climate facilitated other changes with localized impacts on beekeeping. Confirmed by statistics, longer periods of drought and rainfall were generally reported to had become more frequent than previously, which affected the availability of floral resources and the behavior of the bees that tend to not leave their hives during rainfall (cf. Bidegain et al., 2009; Bradbear, 2009 ).
Also, the recent proliferation of invasive and economically devastating mites, including Varroa destructor, is likely to result from inadequate management and transportation of bees, equipment, and beeswax on a global scale, but changing climatic conditions is deemed to have catalyzed their natural proliferation (Bradbear, 2009; Reddy et al., 2013 
Shifts in the social system with impacts on the resilience and adaptability of the beekeepers
Changing land tenure and access to sources of flowering vegetation
As beekeepers rarely own any land, the increased concentration of land tenure in the hands of investors operating from urban areas in Uruguay, or abroad, had complicated the negotiations over the placement of hives in some regions. The customary rule of placing hives is still based on an exchange between land access and the pollination of soil fertilizing plants (e.g. clover) or commercial crops to some extent, but as grasslands for grazing were found to be decreasing and the transgenic plants in agricultural areas do not require natural generation, we found these traditions to be fragmenting. This is an important observation from the beekeepers' perspective, as these informal rules have constituted the main form of compensation for pollination as a service. Access to land and the role of pollination emerged as issues in several discussions, including the following: To be able to place hives within the tree plantations, all the interviewed beekeepers had signed contracts with at least one of the forestry enterprises managing these plantations, and from the enterprise viewpoint these contracts represented their pursuit of shared value. For example, the contracts necessitate the beekeepers to study fire safety issues and they had had the chance to participate in capacity building and training courses that were organized by the enterprises, but they also had to pay these enterprises an annual fee 3 . Beekeepers residing in smaller urban centers in rural areas were also found to travel almost daily within an average radius of 50 km to conduct harvests or other hive management duties at one or more frequently relocated apiaries. In autumn, beehives were commonly placed on the outskirts of the often vast tree plantations, but the accessible areas were strictly coordinated by the plantation managers for reasons such as major tree harvests. However, fuel cost constituted one of the main elements associated with beekeeping in Uruguay, and the geographic scope and continuity of the accessible areas hence played a role for the beekeepers' livelihood.
Social cohesion in the beekeeping sector
The question of social cohesion among the sector also arose from our analysis, and was found to connect to several issues in the given social-ecological system. The interviews showed that the challenges resulting from the shifts in the resource systems increased the unity among beekeepers to counter the stressors. Beyond this common goal, several beekeepers were found to withdraw from beekeeping as their main source of income. It also appeared that beekeepers expressing pride and strong social motivations to remain as beekeeping practitioners had considered migrating to more favorable lands for beekeeping in the northeastern part of the country. Another issue arose in terms of coordination of activities. All interviewed cooperatives reflected a lack of empowerment as none of the cooperatives had committed their members to act collectively in the production or marketing of honey, and thus elaborate on political or market power. Members were found to commit to cooperation only when predictable benefits seemed achievable, limiting the materialization of the anticipated benefits of cooperation.
However, trade agencies did not appear to be just opportunistic middlemen. The distribution of tasks was found to be natural since both the beekeepers and trade agencies specialize in what they do best. Interestingly, the margin left for the trade agency was low. The beekeepers reported to have received an average of ca. 3.00 USD per kg of honey in recent years, while the average export price of honey leaving the country was 3.16 USD in 2013 (Uruguay XXI, 2014) . A trade agency member based in Paysandú drew an overall portrait of the current situation:
An export agency does not add any value to the product. But yes, in a way the agency is a tool from the beekeepers' point of view. Uruguay has no [export-oriented] beekeepers, or maybe a few, but the vast majority does not have
the infrastructure in place to become exporters. -b2
Local institutional responses to fast shifts in the global honey markets
Most honey from Uruguay is headed to Europe and North America, and European countries in particular apply strong safeguards to protect their consumers. Strict and frequently updated regulation, particularly in the European Union, has frequently redefined the technical composition and restricted the allowed amounts of chemical traces and contamination in honey with sudden outcomes in exporting countries (cf. CBI, 2015a; Villanueva-Gutiérrez et al., 2014). Some beekeepers and trade agencies also reported recent incidents of rejected and returned batches of honey due to detected traces of alkaloids or transgenic organisms in the pollen, originating from agriculture.
Due to consumer preferences, however, the interviewed European buyers and processors of honey considered these safeguards only as minimum requirements. There are numerous suppliers of honey globally, and the buyers clearly take advantage of their position to avoid market risks, resulting in the small honey sector in Uruguay being stuck in captive market structures. Such asymmetry of power was reflected, and explained to some extent, by one of the
European industry representatives:
One To respond to the concerns of the sector, the Uruguayan national government began developing a specific program (Sistema Nacional de Trazabilidad de la Miel) in 2006 to ensure the market access of Uruguayan honey, including efforts to build technical capacity and ensure full traceability (CHDA, 2011) . These measures have increased the resilience and coordination of the sector, but simultaneously increased the costs of transactions and compliance.
Likely catalyzed by these increased costs, the members of the cooperatives in Río Negro and Paysandú expressed frustration as the government lacked continuity in its efforts and was perceived to favor other sectors that were more important in pure economic terms: 
Discussion and conclusions
We used a social-ecological system framework to examine the properties, disturbances, and threshold dynamics that either promote or suppress the resilience of beekeeping sector in the case Uruguay. Qualitative data were collected by conducting thematic interviews with identified key informants in the given system both in Europe and Uruguay in 2014.
Investments in soy and eucalypt frontiers were identified to drive land use and land use changes, and declining biodiversity, in western parts of Uruguay where beekeeping has been concentrated since many decades. From the perspective of the practitioners of beekeeping, expansion of agriculture and tree plantations had rather contrasting impacts. According to our findings, the beekeepers were concerned about the expansion of agriculture displacing grasslands rich in floral resources. Reduced availability and variety of plants were associated with the decreased honey yields, and shortages of natural vitamins and proteins elementary for the bees. Manual substitution of such shortages does not come without additional costs. The simultaneous emergence of eucalypt plantations, managed by multinational forestry enterprises, had compensated these losses. E. grandis provides an additional harvest to atone decreasing yields from other sources, of which the beekeepers have become dependent on. Flowerings of this particular species constituted ca. 50% of the annual honey yields. Beyond land use changes, the changing weather and climate patterns appear to exacerbate the ecological stressors by increasing the occurrence of harmful pathogens on bees. The economic impacts are felt by the beekeepers, but not only in Uruguay.
Following from the shifts in resource systems, establishing land tenure forms another issue from the governance perspective. The forestry enterprises allow beekeepers to place their hives in their lands after signing a contract and paying a fee. Compared to the previous setting based on an exchange between access to land and pollination service, however, these arrangements add further costs to beekeeping. In fact, the challenges faced by beekeepers result from the strictly reciprocal influences and shifts in both the ecological and social systems (cf. Walker and Meyers, 2004) . The case of Easter Island has become a famous example of similar shifts in both the ecosystem and society where resource overexploitation ultimately led to halving population (Hunt and Lipo, 2009; Rainbird, 2002) . The case of Uruguay may not be as dramatic, but the slow variables such as declining biodiversity and warming climate clearly are the underlying controls of fast variables such as unbalanced flowerings throughout the season, rainy weather, yields, and costs, which all have implications to beekeeping as a form of livelihood. Recent institutional and market shifts have been fast as well, but the strong and slowly changing cultural ties could also be seen to contribute to building cohesion and cooperation among the beekeeping sector to counter some of the current stressors.
To conclude our first research question, it can be said that the recent land use changes have had a drastic and widespread influence on beekeeping in Uruguay, largely pushing these rural practitioners at the brink of a social collapse. On one hand, the negative impacts can be largely linked to the expansion of the agricultural frontier. On the other hand, tree plantations have not been as devastating, vice versa, but have created an interdependency between the beekeepers and the forestry enterprises in charge of the accessibility, management, and selection of species as a form of land use. Consequently, social resilience of the beekeepers has suffered from the disturbances created by land use changes in Uruguay while there never was much adaptability in the first place. These results are also in line with those reported by Switzer (2014) .
Regarding our second research question, it can be said that the accumulation of new costs that primarily derive from the recent land use changes, threatens beekeeping's viability, and many beekeepers consider either abandoning this occupation completely or out-migrating to more natural areas in northern Uruguay. By definition, both of these outcomes could be interpreted as feedback loop to crossed thresholds that have ultimately been triggered by decreasing honey yields and increasing costs in production (cf. Janssen and Scheffer, 2004) . However, the ultimate impacts of out-migration or change in occupation remain unclear and could even take rather unexpected forms (cf. Gray and Bilsborrow, 2014) . As economic viability can be broadly understood as the focal threshold for many small-scale practitioners, the threshold dynamics that undermine social or ecological resilience can be relatively hard to distinguish, even in well-studied social-ecological systems (Folke et al., 2004) . This result is in line with the one of Zenteno et al. (2014) , indicating that thresholds occur as multifaceted socioeconomic challenges for the forest communities in Bolivia. In Uruguay, turning back could still be possible unless there would be a reason to anticipate the crossing of a critical social-ecological threshold related to land use. Most plantations of E. grandis are already reaching maturity and the new generation consists of other species that are not likely to provide similar short, but vast flowerings to benefit the beekeepers. Such change that would cut ca. 50% of the annual honey yields in western Uruguay could be followed by societal responses such as conflicts (Gerber, 2011; Kovács et al., 2014) . As reflected in our results, however, land use and land use changes cannot be blamed for every single challenge confronting beekeeping. In fact, Uruguay could be experiencing a "contemporary restructuring" that could also be seen as an opportunity, depending on the transformability of the entire society (cf. Hedlund and Lundholm, 2015) .
Resilience of beekeeping could be targeted by rearranging benefit-sharing mechanisms, by prioritizing needs in the society, or by changing the rationale, attitudes, structure of social networks, or ways of collective action (Akamani et al., 2015; Cinner et al., 2012; Nkhata et al., 2012; Tucker, 2010) . Consequently, governing social-ecological systems becomes the most relevant issue, referring to multilevel social, economic, and political settings that enable the society to define and accept alternative agendas, and alleviate mutually harmful outcomes and impacts (Brondizio et al., 2009; Duit et al., 2010) .
From the perspective of the beekeepers in Uruguay, the European regulation of transgenic organisms in honey has already eased since 2014, which could signal that planting transgenic trees also in Uruguay, similar to neighboring
Brazil that was the first country to legalize such plantations for commercial purposes in 2015, could be recommendable. The expected efficiency gains in wood production could in fact spare more diverse lands for beekeeping (cf. Ledford, 2015; Preisler, 2015) , and thus contribute to forest transition (Rudel et al., 2010) . Also, the forestry enterprises' pursuit of shared value could become an attractive option for locally solving social and ecological issues. As our results show, this approach requires engagement to tackling of identified problems that goes beyond the philanthropic view into creating shared value (cf. Beschorner, 2013; Crane et al., 2014) . However, as beekeeping is connected to the valuable ecosystem service of pollination, establishing a well-designed program of payments for ecosystem services complemented with a well-functioning regulatory framework could help to reconcile priorities in the society and to prevent the exacerbation of associated social costs (Bennett and Gosnell, 2015; Börner et al., 2015; Naeem et al., 2015) .
Further research should aim to generalize beyond the scope and findings presented here, and run trade-off analyses (e.g. Nelson et al., 2009) , model decision-making of different agents under uncertainty (e.g. Janssen and Ostrom, 2006) , or evaluate the social-ecological interactions quantitatively (e.g. Bodin and Tengö, 2012) . Such assessments could consider other groups of actors that operate in the tree plantation landscape (cf. Bussoni et al., 2015) , disaggregate by gender (cf. Ingram et al., 2014) , and even incorporate a spatial view (cf. Sunderlin et al., 2008) .
Water is another theme that emerges. Availability of water enables the rich flowerings of E. grandis that favor the beekeepers, and could thus explain the reduced runoffs associated with eucalypt plantations to some extent (Farley et al., 2005) . Water also controls for undergrowth and constitutes the main public concern around plantation establishment in Uruguay (Vihervaara et al., 2012) . We also advocate for harnessing the concept of "social license to operate" to deepen the analyses of power, urgency, and legitimacy of the forestry enterprises to operate more soundly in social-ecological systems (e.g. Prno & Slocombe, 2014) .
